Succination of protein thiols during adipocyte maturation: a biomarker of mitochondrial stress.
Although obesity is a risk factor for development of type 2 diabetes and chemical modification of proteins by advanced glycoxidation and lipoxidation end products is implicated in the development of diabetic complications, little is known about the chemical modification of proteins in adipocytes or adipose tissue. In this study we show that S-(2-succinyl)cysteine (2SC), the product of chemical modification of proteins by the Krebs cycle intermediate, fumarate, is significantly increased during maturation of 3T3-L1 fibroblasts to adipocytes. Fumarate concentration increased > or =5-fold during adipogenesis in medium containing 30 mm glucose, producing a > or =10-fold increase in 2SC-proteins in adipocytes compared with undifferentiated fibroblasts grown in the same high glucose medium. The elevated glucose concentration in the medium during adipocyte maturation correlated with the increase in 2SC, whereas the concentration of the advanced glycoxidation and lipoxidation end products, N(epsilon)-(carboxymethyl)lysine and N(epsilon)-(carboxyethyl)lysine, was unchanged under these conditions. Adipocyte proteins were separated by one- and two-dimensional electrophoresis and approximately 60 2SC-proteins were detected using an anti-2SC polyclonal antibody. Several of the prominent and well resolved proteins were identified by matrix-assisted laser desorption ionization time-of-flight/time-of-flight mass spectrometry. These include cytoskeletal proteins, enzymes, heat shock and chaperone proteins, regulatory proteins, and a fatty acid-binding protein. We propose that the increase in fumarate and 2SC is the result of mitochondrial stress in the adipocyte during adipogenesis and that 2SC may be a useful biomarker of mitochondrial stress in obesity, insulin resistance, and diabetes.